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Article history: Response to external stimuli is a fundamental and intrinsic behavior of living systems. There
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Accepted 17 November 2011 strategies provide an alternative approach for the manipulation of self-assembled archi-

Available online 29 November 2011 tectures of either biological or synthetic polymeric materials. Stimuli-induced structural

transformations may produce ensembles with new topologies or materials with excep-
Keywords: tionally complex features inaccessible via conventional self-assembly processes. This is in
Self-assembly contrast to materials that simply undergo stimuli-induced degradation, or disassembly pro-
Structural transformation cesses. Since a variety of cellular processes depend on responses to environmental stimuli
Stimuli-responsive that lead to more complexity and increased function, and are related to structural tran-
Drug delivery sitions over the nano- to microscale, insights into stimuli-triggered morphogenesis can
Gene therapy further deepen our understanding of cellular behaviors. Indeed, an understanding of these

Nanomedicine processes will likely inspire scientists to develop materials with advanced and tailored

architectures for biosensing, diagnosis and therapy as well as other biomedical applica-
tions. Herein, we highlight state-of-the-art achievements in the stimuli-triggered structural
manipulation of polymer assemblies. Furthermore, future developments in this nascent and
growing field are briefly discussed.
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1. Introduction

Response to external stimuli is a fundamental and
intrinsic behavior of natural systems crucial for maintain-
ing normal functions, performing advanced activities, and
fighting diseases. For example, most of the immunological
processes involve the antigen stimulation and subsequent
cellular responses on the changed levels of cytokines
and complements [1-3]. From unicellular organisms to
advanced species, almost all the important biological pro-
cesses are regulated by chemical, biological, or physical
signals, including cell division, proliferation, differentia-
tion, and apoptosis as well as respiration, photosynthesis
and immunoregulation among them. More frequently,
these responses are accompanied with structural trans-
formation of self-organizing systems over various length
scales from the molecular and cellular to the macroscopic
[4,5]. At the molecular level, enzymes, ion channels and
other transport proteins often undergo structural transi-
tions that accommodate the binding of small molecules,
ions or other substances. At a cellular level, biomembranes
dynamically modulate their architectures by developing
membrane curvature through interactions with a variety of
molecules (Fig. 1), especially nanoscaled macromolecules
such as synthetic polymers and proteins [6]. These confor-
mational changes play important roles in cellular processes
such as exocytosis, endocytosis, and vesicle budding (Fig. 1)
[7]. For example, positive or negative membrane curva-
ture can be generated upon inducing by amphipathic helix
insertion, transmembrane or cytoskeletal proteins, thereby
leading to a bilayer-to-vesicle transition (Fig. 2) [6].

Inspired by these biological systems, there is increas-
ing interest in the development of supramolecular systems
that can elaborately modulate their structures, and there-
fore obtain desirable characteristics and functions, in
response to external stimuli like ions, molecules, tem-
perature, and light [4,5,8-13]. Bottom-up self-assembly
has been recognized as an efficient approach for fab-
ricating highly functionalized molecular systems or
even bio-entities [14]. Considerable effort has been
directed toward assembling supramolecular structures via
multiple-structured polymers during the past two decades
[15-26]. Advances in this field have allowed the con-
struction of supramolecular architectures with multiple
morphologies across length scales. Polymer entities self-
organized with various architectures or morphologies may
have different performance characteristics with respect
to disparate fields such as pharmaceuticals, biomedi-
cal engineering, optoelectronic devices and photovoltaics
[27-31]. As has been demonstrated, modulation of the
shape of polymer assemblies has most readily been
implemented by tuning the molecular architecture of
amphiphiles [19,32-35]. Nevertheless, morphology engi-
neering through polymer structure always means the
necessity of complicated or even time-consuming syn-
thesis. As a consequence, manipulation of supramolecular
assemblies with well-defined topology and size, without
having to tailor the molecular structure of building blocks,
is becoming one of the most important research focuses
in the interdisciplinary field of supramolecular chemistry,
polymer and material sciences, presenting a substan-
tial scientific and engineering challenge. Recent studies
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